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BLADE MEMBER FOR AIRPLANE 

BACKGROUND OF THE INVENTION 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[001] The present nonprovisional application claims priority under 35 USC 1 19 to 
Japanese Patent Application No. 2002-208699 filed on July 17, 2002 the entire 
contents thereof is hereby incorporated by reference. 

Field of the Invention 

[002] The present invention relates to a blade member for an airplane, which 
constitutes at least a portion of a rotor blade of the airplane. 

Description of Background Art 
[003] A double-slotted flap mounted at a trailing edge of a main wing of an 
airplane includes a vane disposed between the main wing and a flap body at a lowered 
position so that two slots are formed to allow air currents to flow along upper and 
lower surfaces of the vane. 

[004] Such a conventional small-sized blade member for the airplane employs a 
sandwich structure in which a honeycomb core is covered with a skin, for example, see 
US Patent No. 5,356,688 and Japanese Patent AppUcation Laid-open No. 63-166698, 
or a split structure in which a rib and a skin are coupled to each other by rivets. 
[005] However, either the conventional sandwich structure or the conventional 
split structure has various problems such as an increase in the number of parts, an 
increase in assembling steps, an increase in weight, an increase in drag due to a step 
formed between the parts and the generation of corrosion due to water entering the 
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blade member through a gap between the parts, because a plurality of parts are 
assembled to constitute the blade member for the airplane. 

SUMMARY AND OBJECTS OF THE INVENTION 
[006] The present invention overcomes the problems of the prior art. It is an object 
of the present invention to provide a blade member for an airplane, which is simple in 
structure, and moreover is excellent with respect to weight, aerodynamic performance, 
cost, strength, rigidity and durability. 

[007] To achieve the above object, according to the present invention, there is 
proposed a blade member for the airplane, which constitutes at least a portion of a rotor 
blade of the airplane. The blade member includes an outer skin area surrounded by a 
first outer skin, a second outer skin, a leading edge and a trailing edge each having a 
predetermined wall thickness and at least one reinforcing area extending in a span 
direction within the outer skin area and connected to the first outer skin and the second 
outer skin. The outer skin area and the reinforcing area are integrally formed by wire 
electrical discharge machining. 

[008] With the above arrangement, the outer skin area surrounded by the first 
outer skin, the second outer skin, the leading edge and the trailing edge each having the 
predetermined wall thickness is formed integrally with the reinforcing area extending 
in the span direction within the outer skin area and connected to the first outer skin and 
the second outer skin by wire electrical discharge machining, to thereby manufacture 
the blade member for the airplane. Therefore, the structure can be simplified, leading to 
reductions in the number of parts, the number of assembling steps and the weight, as 
compared with the conventional blade memucr for the airplane made by assembling the 
plurality of parts. Moreover, no step nor seam is generated on a surface of the outer 
skin area, so that the increase in drag and the generation of corrosion can be prevented. 
[009] According to the present invention, at least one of the wall thickness of the 
first outer skin and the second outer skin changes in a cord direction. 
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[0010] With the above arrangement, the wall thickness of the outer skin changes in 
the cord direction, so that the bending rigidity and the torsional rigidity of the blade 
member for the airplane can be optimized while minimizing the increase in weight. 
Especially, the wall thickness of the outer skin can be easily changed in the cord 
direction by employing wire electrical discharge machining. 

[001 1] According to the present invention, a distance between the outer surfaces of 
the first outer skin and the second outer skin is gradually decreasing toward the trailing 
edge to become approximately zero at the trailing edge. 

[0012] With the above arrangement, the distance between the outer surfaces of the 
first outer skin and the second outer skin is gradually decreasing toward the trailing 
edge to become approximately zero at the trailing edge, so that the turbulence of an air 
current at the trailing edge can be prevented to contribute to a reduction in drag. 
Especially, the wall thickness of the trailing edge can be easily reduced by employing 
wire electrical discharge machining. 

[0013] Further scope of applicability of the present invention will become apparent 
from the detailed description given hereinafter. However, it should be understood that 
the detailed description and specific examples, while indicating preferred embodiments 
of the invention, are given by way of illustration only, since various changes and 
modifications within the spirit and scope of the invention will become apparent to 
those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] The present invention will become more fully understood from the detailed 
description given hereinbelow and the accompanying drawings which are given by 
way of illustration only, and thus are not limitative of the present invention, and 
wherein: 

[001 5] Fig. 1 is a perspective view of a vane of a double-slotted flap; 

[0016] Fig.2 is a view of the entire arrangement of an electrical discharge 

machining apparatus; and 



4 



2830-01 39P 



[001 7] Fig. 3 is a diagram for explaining machining steps for the vane. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0018] The mode for carrying out the present invention will now be described by 
way of an embodiment of the present invention with reference to the accompanying 
drawings. 

[0019] Figs.l to 3 show an embodiment of the present invention. 
[0020] As shown in Fig.l, the sectional shape of a vane V of a double-slotted flap 
in a cord direction perpendicular to a span direction includes an outer skin area 15 
surrounded by a first outer skin 11 on an upper surface, a second outer skin 12 on a 
lower surface, a leading edge 13 to which a front end of the first outer skin 1 1 and a 
rear end of the second outer skin 12 are connected, and a trailing edge 14 to which a 
rear end of the first outer skin 11 and a rear end of the second outer skin 12 are 
connected. In addition, fi*ont and rear reinforcing areas 16 and 17 constitute a web- 
shaped spar extending within the outer skin area 15 in the span direction to connect the 
first outer skin 1 1 and the second outer skin 12 to each other. The first outer skin 1 1 is 
curved upwardly, and a region fi:om the firont reinforcing area 16 to the vicinity of the 
rear reinforcing area 17 is a thickened portion 1 la thicker than the other portions. The 
second outer skin 12 is substantially flat, and a region from the front reinforcing area 
16 to the vicinity of the leading edge 13 is a thickened portion 12a thicker than the 
other portions. The vane V is integrally formed as a single member by wire electrical 
discharge machining. 

[0021] Fig. 2 shows a wire electrical discharge machining apparatus for forming the 
vane V, A machining table 22 is disposed vvithin a machining tank 21 filled with an 
insulating oil, is connected to an actuator 24 and moved in an X-Y direction by the 
actuator 24 controlled by an NC unit 23. When the vane V has a sectional shape 
uniform in the span direction, the machining table 22 suffices to move only in the X-Y 
direction, but when the vane V is tapered in the span direction, the machining table 22 
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is required to swing about an X-axis and a Y-axis as well as to move in the X-Y 
direction. 

[0022] A wire delivery bobbin 25 and a wire take-up bobbin 26 are connected to 
and rotated by a drive source (not shown), and mounted above the machining tank 21. 
A wire 27 delivered from the wire delivery bobbin 25 is fed to a first guide roller 28, a 
first wire guide 29, a second wire guide 30 and a second guide roller 31, to be woimd 
around the wire take-up bobbin 26. A block B made of an alimiinum alloy as a material 
for the vane V is clamped on the machining table 22 having an opening 22a through 
which the wire 27 can be passed. A feeder 33 leading to a plus terminal of a pulse 
power source 32 is in slidable abutment against the wire 27. A minus terminal of the 
pulse power source 32 is connected to the block B. 

[0023] Steps of wire electrically discharge-machining of the vane V from the block 
B will be described below with reference to Fig. 3. 

[0024] Four start holes Ba to Bd for receiving the wire 27 are formed in the block 
B. The wire 27 is inserted through the first start hole Ba. The actuator 24 is controlled 
in accordance with vane shape data stored in the NC unit 23 to move the machining 
table 22 and move the wire 27 by rotating the wire delivery bobbin 25 and the wire 
take-up bobbin 26 while applying a pulse voltage from the pulse power source 32. As a 
result, an electrical discharge occurs between the wire 27 and the block B, whereby the 
block B is melted/evaporated to be cut along the wire 27. After a region surrounded by 
the first outer skin 11, the leading edge 13, the second outer skin 12 and the front 
reinforcing area 16 is cut away in this manner: a region surrounded by the first outer 
skin 11, the rear reinforcing area 17, the second outer skin 12 and the front reinforcing 
area 16 is cut away starting from the second start hole Bb; and further a region 
surrounded by the first outer skin 11, the trailing edge 14, the second outer skin 12 and 
the rear reinforcing area 17 is cut away starting from the third start hole Be. Finally, an 
outer periphery of the outer skin area 1 5 is cut away starting from the fourth start hole 
Bd, whereby the vane V is separated from the block B. 
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[0025] The vane V cut away from the block B by wire electrical discharge- 
machining has a box structure including the front and rear reinforcing areas 16 and 17 
within the outer skin area IS having a closed section, and hence has a high bending 
rigidity and a high torsional rigidity. The vane V has a simple structure being a single 
member, as compared with a conventional vane made by assembling a plurality of 
parts, so that the number of parts, the number of assembling steps and the weight can 
be reduced. Further, the vane V has no step generated on the outer skin area 15, so that 
drag can be reduced. Moreover, the vane V has no seam, so that the entrance of water 
can be prevented, thereby enhancing the durability against the corrosion. 
[0026] The wall thickness of each portion of the vane V can be changed as desired 
in the cord direction by employing wire electrical discharge-machining. Also, the 
bending rigidity and the torsional rigidity of the vane V can be optimized while 
minimizing the increase in weight by means of the thickened portion 11a formed on the 
first outer skin 11 and the thickened portion 12a formed on the second outer skin 12. 
Further, the thickness of the trailing edge 14 at which the first outer skin 11 and the 
second outer skin 12 are converged can be decreased to be extremely small by 
employing wire electrical discharge machining, as compared with the conventional 
vane made by assembling plate materials. Because the thickness of the trailing edge 14 
can be decreased to approximately zero, as described above, the turbulence of an air 
current at the trailing edge 14 can be prevented to contribute to a reduction in drag. 
[0027] Although the embodiment of the present invention has been described in 
detail, it will be understood that various modifications may be made without departing 
from the subject matter of the present invention. 

[0028] For example, the vane of the doable-slotted flap has been illustrated in the 
embodiment as the blade member for an airplane, but the blade member for the 
airplane according to the present invention is not limited to the above-described vane, 
and encompasses rotor blades such as an aileron, an elevator, a rudder, a flap, an 
elevon, and various tubs associated therewith. 
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[0029] The vane V in the embodiment includes the two reinforcing areas 16 and 17, 
but the number of reinforcing areas maybe selected as desired. 

[0030] As discussed above, according to the present invention, the outer skin area 
surrounded by the first outer skin, the second outer skin, the leading edge and the 
trailing edge each having the predetermined wall thickness is formed integrally with 
the reinforcing area extending in the span direction within the outer skin area and 
connected to the first outer skin and the second outer skin by wire electrical discharge 
machining, to thereby manufacture the blade member for the airplane. Therefore, the 
structure can be simplified, leading to reductions in the number of parts, number of 
assembling steps and weight, as compared with the conventional blade member for the 
airplane made by assembling the plurality of parts. Moreover, no step nor seam is 
generated on a surface of the outer skin area, so that the increase in drag and the 
generation of corrosion can be prevented. 

[0031] According to the present invention, the wall thickness of the outer skin 
changes in the cord direction, so that the bending rigidity and the torsional rigidity of 
the blade member for the airplane can be optimized while minimizing an increase in 
weight. Especially, the wall thickness of the outer skin can be easily changed in the 
cord direction by employing wire electrical discharge-machining. 
[0032] According to the present invention, the distance between outer surfaces of 
the first outer skin and the second outer skin is gradually decreasing toward the trailing 
edge to become approximately zero at the trailing edge, so that the turbulence of an air 
current at the trailing edge can be prevented to contribute to a reduction in drag. 
Especially, the wall thickness of the trailing edge can be easily reduced by employing 
wire electrical discharge-machining. 

[0033] The invention being thus described, it will be obvious that the same may be 
varied in many ways. Such variations are not to be regarded as a departure firom the 
spirit and scope of the invention, and all such modifications as would be obvious to one 
skilled in the art are intended to be included within the scope of the following claims. 



